Anaplasmosis is an important vector-borne hemoparasitic rickettsial disease of ruminant livestock in tropical and subtropical regions of the world (Visser et al. 1992 ). The disease, caused by Anaplasma marginale, an ehrlichial pathogen of the genogroup II, is characterized by fever, anemia, jaundice, weight loss, abortion, decreased milk production, and mortality during the acute phase of infection (Zaugg et al. 1985) .
Immunization of calves with the outer membrane of A. marginale can induce complete protection from detectable rickettsemia against a virulent homologous challenge (Tebele et al. 1991) . Therefore, strategies for the development of a safe and efficient immunization system may be directed towards a subunit vaccine, despite the A. marginale isolates from United States, Israel, Kenya, Japan, and Zimbabwe having shown virulence, morphologic, antigenic and genetic differences (Barbet et al. 1983) .
The antigenic analysis of the outer membrane of initial bodies has shown six major surface proteins (MSP), which were recognized by sera from cattle infected with different isolates of A. marginale (Barbet et al. 1983 , Palmer et al. 1985 , Tebele et al. 1991 , Oberle et al.1993 . Some of them, such as the MSP-1 complex, MSP-2, MSP-3 and MSP-4 have presented potential as immunogens, as reviewed by Palmer and McElwain (1995) , or may be considered critical antigens, because some of them are associated with nutrient transport or erythrocyte adhesion and invasion mechanisms (McGarey et al. 1994) .
The B cell and T cell activation is important for immunity against intra-erythrocytic pathogens, therefore B and T cell epitope conservation, including in MSPs encoded by multigene families such as MSP-2 and MSP-3 , Alleman et al. 1997 , may play an important role in the establishment of immunity. This paper describes the characterization of B cell epitopes in four Brazilian isolates of A. marginale with a panel of monoclonal antibodies (MAbs) against surface antigens of initial bodies.
MATERIALS AND METHODS
A. marginale isolates and stabilates -Fifty microliters of blood from A. marginale carrier cattle raised in three endemic regions of the State of Pernambuco, Mata (PE-M), Agreste (PE-A), Sertão (PE-S), and of one region of the State of Mato Grosso de Sul, Campo Grande (MS-CG), were inoculated in splenectomized Nellore calves (three animals for each region). These calves were negative for antibodies to A. marginale by indirect enzymelinked immunosorbent assay, performed as described by Madruga et al. (2000) , and did not show detectable rickettsemia prior or after splenectomy. Stabilates were then prepared with blood of the inoculated calves during the acute infection and 10% glycerol and cryopreserved in liquid nitrogen.
Indirect fluorescent antibody technique (IFAT) -For the preparation of IFAT antigen, blood samples with 8% (PE-M), 4% (PE-A), 5.8% (PE-S), and 5% (MS-CG) rickettsemias were collected and washed three times in phosphate-buffered saline-PBS (10 mM Na2HPO4.2H2O, 6.4 mM NaH2PO4.H2O, 100 mM NaCl), pH 7.2 for plasma and buffy coat removal and then centrifuged at 1,090 x g for 10 min at 4ºC. Antigen slides were then prepared and stored at -70ºC. The IFAT antigen slides were incubated during 30 min at 37ºC with purified MAbs or MAbs from hybridoma supernatant or ascites. Following three washes with PBS, the slides were incubated for 30 min with goat anti-mouse IgG fluorescein isothiocyanate conjugate (Sigma). The slides were washed three times, dried and examined by epifluorescent microscopy.
Western blot (WB) -Calf red blood cells (RBC) infected with PE-M, PE-A, PE-S and MS-CG isolates, showing 60%, 31%, 40% and 72% rickettsemias, respectively, were disrupted chemically (100 mM tris, 10 mM EDTA, 0.2 mM Np-tosyl-L-lysil chloromethyl ketone, 2 mM phenylmethyl sulfonylfluoride and 2% tergitol NP-40) and by sonication (100 W) for 10 min. The lysed RBCs were centrifuged and filtered as previously described by Palmer and McGuire (1984) . The protein concentrations of these antigens, determined by bicinchoninic acid assay (Smith et al. 1985) , were 7.3 µg/ml (PE-M), 21.3 µg/ml (PE-A), 23.9 µg/ml (PE-S) and 20.2 µg/ml (MS-CG).
Electrophoresis of Anaplasma soluble antigens was performed on a SDS-10% polyacrilamide gel, and proteins were transferred to a nitrocellulose membrane through a semi-dry system. The membrane was blocked overnight (0.01 M tris base, 0.15 M NaCl, 0.05% tween-20, 5% skim milk), and then incubated for 4 h with MAbs diluted 1:50 and washed in blocking solution. Bound antibody was detected with goat anti-mouse IgG peroxidase conjugate diluted 1:500, followed by diamine benzoic acid solution (1 mg/ml).
MAbs -The MAbs employed in this work were produced and initially screened by Davis et al. (1981) . Some of these MAbs were characterized as recognizing epitopes of MSPs, such as ANA22B1, which reacts with epitope on MSP-1a ), ANAR38A6 (MSP-1b) (Barbet & Allred 1991) , ANAO50A2, ANAO58A2, ANAO66A2, and ANAO70A2 (MSP-2) (Palmer et al. 1985) , ANAG75C2 (MSP-3) , ANAG76A1 (MSP-4) (Oberle et al. 1993) , and ANAF16C1 (MSP-5) (Visser et al. 1992) . A panel of MAbs, ANAR17A6, ANAR83B3, ANAR94C1, ANAO24D5, and ANAR19A6, which recognize isolate restricted epitopes , was also used in this work. The MAb TRYP1E1, anti-variable surface glycoprotein (VSG) of Trypanosoma brucei was employed as a negative control in the IFAT and WB.
RESULTS

Antigenic analysis by IFAT -Antigenic analysis of
Brazilian A. marginale isolates by IFAT showed epitope conservation of MSP-1a, MSP-1b, MSP-4 and MSP-5 in all Brazilian isolates (Table I) . Some of MSP-2 B cell epitopes were conserved among all isolates, such as those recognized by ANAO58A2 and ANAO70A2, while the MAbs ANAO50A2 and ANAO66A2 reacted with epitopes only in the PE-M and MS-CG isolates. No reactivity occurred with MAb ANAR75C2, directed to MSP-3. The group of isolate-restricted MAbs (ANAR17A6, ANAR83B3, ANAR94C1, ANAO24D5, and ANAR19A6) identified conserved B cell epitopes in all isolates (Table  II) and MAb ANAO24D5 displayed an "appendage" in the PE-S and MS-CG isolates (Fig. 1) .
Antigenic analysis by WB -The major polypeptide bands identified by MAb ANA22B1 (MSP-1a) in WB had apparent molecular weights of 81 kDa in the PE-M, 80 kDa in the PE-A, 73 kDa in the PE-S and 78 kDa in the MS-CG isolates (Fig. 2) . Other secondary bands were visualized with antigens of all isolates. The MAb ANAR38A6 (MSP1b) did not react with antigen of any isolate (data not shown).
The MAbs ANAO50A2 and ANAO70A2 (MSP-2) were able to identify bands of apparent molecular weights of 45 kDa in the PE-M isolate. No reactions of these MAbs (Fig. 3) . The WB with the ANAO24D5 displayed size polymorphism, since this isolate-restricted MAb reacted with bands of apparent molecular weight of 35 kDa in PE-M isolate, 30 kDa in PE-A isolate and 40 kDa and 46 kDa in MS-CG isolate (Fig. 4) . This MAb did not react with PE-S isolate.
DISCUSSION
The antigenic evaluation of Brazilian isolates of A. marginale confirmed prior investigations of the MSP-1 complex, which revealed conservation of the neutralization-sensitive B cell epitope among isolates from United States, Israel, Kenya (Palmer et al. 1988a ) and Zimbabwe (Tebele et al. 1991) . The size polymorphism of the bands recognized by MAb ANA22B1 among the Brazilian isolates is explained by the variable number of tandem repeats which contains the MSP-1a epitope recognized by this MAb in each isolate (Allred et al. 1990 ). The MSP-1b epitope conservation in the PE-M, PE-A, PE-S, and MS-CG isolates determined by IFAT is in agreement with the observation that this polypeptide has shown minimal interstrain polymorphism (Barbet & Allred 1991) . The msp1β entire gene family was cloned and sequenced from a Florida isolate of A. marginale and two full-length genes were identified and designated as msp1β1 and msp1β2 (Viseshakul et al. 2000) . Both msp1β1 and msp1β2 genes were transcribed into different, partially homologous mRNAs. Interestingly, another analysis (Camacho-Nuez et al. 2000) of the same Florida isolate by PCR failed to detect msp1β2 but found three other full length, expressed msp1β1 genes not detected by Viseshakul et al. (2000) . Further work by Bowie et al. (2002) did not confirm these findings. Analysis of Florida and Oklahoma isolates of A. marginale using primers specific for each of the two genes resulted in the amplification of that gene and no other msp1b gene. The msp1b genes between isolates had an amino acid similarity of 96% for MSP-1β1 and 92% for MSP-1β2. These authors stated that CamachoNuez et al. (2000) probably identified mosaics of the known genomic copies msp1β1 and msp1β2, that represent minor polymorphic sequences present in a rickettsial population.
Because the proteins expressed by msp1a and msp1b genes are involved in adherence of A. marginale to bovine erythrocyte and tick cell receptors (McGarey et al. 1994) , the conservation of these genes and their respective proteins (Bowie et al. 2002) suggests that they may be useful in the development of recombinant vaccines for anaplasmosis.
The MSP-2 B cell epitope variation in the Brazilian isolates of A. marginale is partially in conformity with msp2 gene structure and expression. This gene has a central hypervariable region that contains highly immunogenic B cell epitopes that induce variant specific antibodies, which are associated with A. marginale clearance (French et al. 1998 ). The MSP-2 polymorphism has been demonstrated mainly during the acute infection phase (Eid et al. 1996) period, when the antigens for IFAT and WB were obtained, and in the cyclic rickettsemia of chronically infected animals (French et al. 1998) . The conservation of some B cell epitopes among Brazilian A. marginale isolates was also verified in isolates from the United States (Virginia, Florida, Texas, Idaho, and Washington) , Palmer et al. 1985 , Kenya, Israel, and Zimbabwe (Palmer et al. 1988a , Tebele et al. 1991 . This conservation may be related to the highly conserved N and C terminal regions of the polypeptide coded by msp-2 gene (Brown et al. 2001) , although the minimal surface exposure due to its hydrophobic characteristic (membrane domain) (French et al. 1999) . However, the homologous and heterologous protection conferred by native MSP-2 (Palmer et al. 1988b) suggests the importance of conserved B and T cell epitopes in the production of an efficient immune response. Although MSP-3 was previously considered as conserved among different A. marginale isolates , antigenic variation of this major surface protein was observed in North American isolates (Alleman & Barbet 1996) and in the African isolate (Tebele et al. 1991) . The msp-3 gene was later characterized as polymorphic (Alleman et al. 1997) . These findings can explain the absence of MSP-3 epitope recognition by MAb ANAG75C2 in the Brazilian isolates of A. marginale.
The positive reactions of the MAb ANAR76A1 in the IFAT with B-cell epitope of MSP-4 characterizing conservation in the Brazilian A. marginale isolates is in agreement with studies with other isolates of A. marginale (Oberle et al. 1993 ). This major surface protein is encoded by a single copy gene, which constrains gene recombination (Oberle et al. 1993 ). Additionally, MSP-4 possibly acts as an adhesin and could have a crucial function for Anaplasma spp. erythrocyte invasion (McGarey et al. 1994) . The non-linear epitope recognized by MAb ANAR76A1 (Oberle et al. 1993 ) may explain the absence of reaction in WB.
The MSP-5 epitope conservation in the Brazilian isolates is in agreement with other A. marginale geographical isolates and with the hypothesis that this polypeptide has also a fundamental function in the biological cycle of Anaplasma organisms. It is present during the acute and chronic phases of the bovine infection, as well as in A. centrale and A. ovis (Visser et al. 1992 , Knowles et al. 1996 .
In contrast with the A. marginale isolates from the United States, Kenya, and Israel that showed B cell epitope diversity with the MAbs ANAR17A6, ANAR83B3, ANAR94C1, ANAO24D5, and ANAR19A6 , the Brazilian isolates exhibited epitope conservation with them. In the WB, the MAb ANAO24D5 showed polypeptide size polymorphism in the four Brazilian isolates studied. This apparent molecular size variation indicates that the polypeptide epitope recognized by MAb ANAO24D5 is neither MSP-2 nor MSP-4. The MSP-2 has minimal size polymorphism, around 9% (Palmer et al. 1988b ) and MSP4 did not change in apparent molecular size in all isolates tested (Oberle et al. 1993 ). The tailed form described in the majority of North American A. marginale isolates in the IFAT with ANAO24D5 was also observed in two studied isolates, PE-S and MS-CG. This appendage was described as actin filaments, responsible for motility of some bacteria, which improve their intra and inter-cellular propagation and consequently enhance infection dissemination (Cossart & Lecuit 1998) .
Despite the MSP-2 genetic and antigenic polymorphism, this protein and MSP1 in their native forms as well as in the outer membrane of A. marginale initial bodies were able to induce an efficient immune protection against homologous and heterologous challenges (Palmer et al. 1988a , 1989 , Tebele et al. 1991 . These data suggest the importance of B and T cell epitope conservation. Likewise the B cell conservation, the T cell epitope conservation has also been described, even in MSPs coded by multigene family such as MSP-2 and MSP-3 (Brown et al. 1998b) .
The CD4 T cell type I response with interferon-g production and resultant macrophage activation has been associated with immunity against intra-erythrocytic pathogens (Brown et al. 1998a (Brown et al. , 2001 ). The Th1 response also stimulates immunoglobulin G 2 isotype production by B cells, which increases opsonization and consequently the phagocytosis by activated macrophages (Brown et al. 1998a) . Therefore, B cell epitope conservation between and within strains is crucial for the Anaplasma clearance because antibody specificity is important in this process.
Despite the small number of A. marginale isolates tested, which are not representative of all regions of Brazil, the B cell epitope conservation on MSP-1 complex and some epitopes on MSP-2 shown in this study and the information that they previously showed partial protection against A. marginale infection (Palmer & McElwain 1995) , suggest that these polypeptides are potential immunogens to be used in Brazil. On the other hand, MSP-5 can be utilized as antigens for diagnostic serological test due to B cell epitope conservation among the isolates studied.
